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Heliport Noise Model Methodology

Introduction

6 5 |

Background

The Heliport Noise Model (HNM) is the United States standard for predicting civil
helicopter noise exposure in the vicinity of heliports and airports. HNM Version 1is the
culmination of several years of work in helicopter noise research, field measurements
and sofrware development. Up until now, the Federal Aviation Administration (FAA)
has had access to only rudimentary belicopter noise prediction tools to use in airport
planning. This is in sharp contrast o the modeling of fixed-wing aircraft noise in which
the FAA's Integrated Noise Model (INM) has evolved to become the most widely ac-
cepted aivil airport noise exposure model [Ref, 1]. HNM is now embarking on the same
research and development path and under the auspices of the same group that developed
INM.

FAA is responsible for the operation and maintenance of the safe and efficient system
of air transportation in the United States. FAA must also promote air commerce and
enable future aviation development. In light of public awareness of the effects of en-
vironmental [actors upon their lives, FAA is challenged to discover ways to understand
and control the impact of aircraft noise. The Integrated Noise Model (INM) and the
Heliport Noise Model (HNM) are two of the key tools to study and manage aircraft noise
while sustaining aviation growth.

The growth of the civil helicopter flest has intensified the demand for additional
heliports. However, public concern over eovironmental factors are imposing restrictions
on both existing heliport operations and new construction al an increasing rate. Before
HNM, the FAA was unable to provide appropriate technical guidance for planners,
operators, and other government agencies in evaluating noise exposure around beliports,
HNM is a planning tool by which the heliport operator and local jurisdictions can analyze
alternative actions to achieve practical compatibility between helicopter operations and
heliport neighbors.

Since 1968, FAA has continually followed a three pronged approach to aviation noise
abatement and environmental protection: (1) by reducing noise at the source through
scientific research and r:gulnmry action, (2) by routing aircraft along paths into and out
of airports 50 as to minimize noise impact on airport n:xghhcrs. and (3) by encouraging
local noise compatibility planning. To control aircraft noise at the source, the FAA
promulgated a regulation in 1969 that established noise standards for turbojet aircraft
of new type design [Ref. 2]. In following years, amendments were added to the regula-
tion to prescribe: new noise limits, new test conditions, standards for propeller driven
small airplanes, production controls, operating limitations, and acoustic change ap-
provals. The cornerstone of the third prong in FAA's noise abatement program is Part



1.2

Description

150 of the Federal Aviation Regulations [Ref. 3]. Through the adoption of Part 150,
FAA bas standardized both the noise measurement unit which is to be used for noise as-
sessment, Le., the Day Night Average Sound Level (DNL) and the mathematical cal-
culation procedure for determining DNL, ie. the Integrated Noise Model

However none of these regulations applied to belicopters or heliports. In 1988, FAA is-
sued a new ruke which adds to the Federal Aviation Regulations noise certification stand-
ards applicable to helicopters [Ref. 4]. This rule provides commonality between U.S,
standards and those adopted by the International Civil Aviation Organization (ICAQ).
In addition, the rule contains technical standards for noise measurement and procedures
for conducting and evaluating helicopter noise tests. At the time that the helicopter noise
standards were undergaing the rule making process, FAA was evaluating the need to ex-
tend the benefits of FAR Part 150 to heliportoperators, Access to Part 150 was denied
to the operators of freestanding public use heliports because there were few public use
beliports and adequate computational tools for generating noise contours around
heliports were not available. The recent opening of several prototype heliports and the
development-of the Heliport Noise Model prompied expansion of Part 150 to include

freestanding public use beliports.

Having foresesn the evemtual need for heliport noise analysic, the FAA began conduct-
ing controlled helicopter noise measurement programs in 1976. Initially the plan was to
add belicopter noise prediction capability to the established Integrated Noise Model,
but INM does not provide the flexibility of input to accommodate the variability in
helicopter operations. In addition, most of the INM noise prediction equations, which
bave been standardized by the Society of Automotive Engineers (SAE) [Ref. 5], do not
apply to helicopter noise. In 1982, the FAA produced a technical report which accumu-
lated the results of all previous FAA helicopter measurement tests with the purpose of
establishing a helicopter noise data base for use in environmental impact assessment
[Rel 6]. This work became the basic building block upon which the Heliport Noise
Model was created.

The Heliport Noise Model is a computer program used for determining the levels of
poise near heliports which are expressed in terms of the Day-Night Average Sound Level
(DNL). DNL is a measure of the total amount of acoustical energy received at a given
point over a 24 hour period, with all noise received between the hours of 10 pm and 7

am "weighted” with a 10 decibel penalty imposed because people are more sensitive to
noise at night. HNM Version 1 works on a variety of personal computers and contains:
@ Data Base af 21 helicopters
@ Noise curves for hard and soft swrface static modes and for lefi, right and center
in-flight modes
-9 Tiest sadeotf], spproach end ground tax profiles
® Algorithms for hard and soft surfaces, duration, directivity, source noise, lateral
effects, and noise fractions
© Graphical input of helipads and flight tracks
® Map option - to draw heliport surrounding areg
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1.4

Output

Moise Metric

The HNM source code conforms to the American National Standard Programming Lan-
guage FORTRANT77, as described in the American National Standards Institute (ANSI)
X3.9-1978 standard and as implemented in the Microsoft FORTRAN Compiler Ver-
sion 4.01 [Ref. 7). HNM was written for the IBM personal computer systems and com-
patibles with the following minimum configuration:

® 512 kilobytes of Random Access Memory (RAM)

@ 20 megabyte Hard Disk Drive

@ 360 kilobyte or 1.2 megabyte 5-1/4 inch Floppy Disk Drive

@ Floating Point Math Coprocessor (8087, 80287, 80387)

@ IBM Enhance Graphics Interface (EGA)

@ Dol Matrix Printer

@ Pen Plotter that can be driven by Hewlett Packard Graphics Language
(HPGL)
Use of HNM is made easier with the addition of the optional Summagraphics Summas-
ketch Series MM 1201 Graphics Tablet

The HNM distribution package comes complete with User’s Guide and floppy disket-
tes containing the installation procedure, executable files, database, test case and
peripheral device drivers for the following:

® 3 types of graphics display monitors,
® 15 types of pen plotters,

® 25 kinds of printers,

o and the Summagraphics Tablet.

HNM's primary outputs are Day Night Average Sound Level (DNL) contours which are
presented in tabular form or as plots (Figure 1). A noise contour is simply a continuous
line on a map connecting all locations experiencing the same noise exposure level. HNM
can also generate printouts, called grid reports, of the calculated noise levels at selected
locations. To produce any of these outputs requires a data base of helicopter noise and
performance characteristics, a set of mathematical equations to model both aircraft
flight and sound generated by the helicopters, and various data describing the heliport
and the helicopter activity. HNM provides the first two features, but the user, Le. the
person running the model, is responsible for the last,

The selection of DNL for heliport noise assessment was not simply based upon the fact
that FAA had established this metric as the standard for airport noise assessment in
FAR Part 150, but was predicated on FAA funded research into the effects of the fre-
quency of operations at heliports and the unique nature of helicopter source noise [Ref.



8]. The results of the study indicate that the parterns of individual reactions to helicop-
ter noise are broadly consistent with the princples contained in the DNL index, and that
there is insuffigent evidence to support an impulsiveness correction to a helicopter noise
metric. Use of the DNL indices for heliport applications was in question due to the low
average number of helicopter operations (usually less than 50 a day) as compared to con-
ventional aircraft operations with which the indices were originally developed. It was
uncertain whether the indices could adequately report the relative importance of
heliport noise levels and the number of noise events. The research described in this
report was designed to investigate the reactions of community residents to noise from
low npumbers of helicopter operations. The final design of the study, which incorporated
both laboratory and field study techniques, surveyed residents during periods where, un-
known Lo them, helicopter operations were controlled.

The patterns of reactions to helicopter noise observed in this study are broadly consis-
tent with the additive-logarithmic model implied by LEq-based noise indices, Reactions
are represented as well or better by a logarithmic transformation of the number of noise
eventsthan by a simple linear representation of number of noise events. Sound Exposure
Level (SEL) and Effective Perceived Noise Level (EPNL) appear to be approximately
equally successful in representing noise level in relation to human response. The data
also support the inclusion of duration as it is represented in the Lgg-based indices. The
inclusion of a measure of the duration of flights improves the ability of a noise index to
predict annoyance and, equally important, can account for substantial differences be-
tween helicopter types. The data reviewed in the report do not provide support for an
impulsiveness correction in a helicopter noise metric which already takes duration into
accoun!. The relative effect of noise level and number of events is not significantly dif-
ferent from that implied by the Lpg-based indices. Reactions to helicopter noise in-
creased steadily above 45 dB (Leg, for 9 bour study day).

2 Noise Data Base

Table 1 presents a list of helicopters which comprise HNM Data Base No. 1. Each
helicopter is associated with both performance data and sets of noise-distance tables for
stationary and in-flight operating modes. The noise curves for the four stationary modes
represent ground idle, flight idle, hover-in-ground-effect, and hover-out-of-ground-ef-
fect. The noise data for these quasi-stationary modes consist of tables of the values for
the maximum A-weighted sound level (ALw) at eight distances ranging from 200 to
10,000 fect. For each of these modes there is a data table for propagation over acousti-
cally hard ground (e.g., pavement) and over acoustically soft ground (e.g., grass). The
data base also contains coefficients to define the acoustical emission directivity pattern
for each static mode. The noise curves for the three moving operations represent takeoff,
landing and level flyover. The noise data for these moving operational modes consist of
tables of the values of Sound Exposure Level (SEL) at the same eight distances men-
tioned above. For the level flyovers, the data are given for one typical air speed. Values
of SEL at other speeds are calculated using stored constants which are applied to a
second order regression equation on main rotor tip speed.



2.1

Sources

One objective of this report is the thorough documentation of data used in developing
noise-distance r:lauunshpﬁ The following paragraph_r. provide a brief synopsis of each
primary reference used in developing final noise curves as presented in Appendix A:

FAA EE-79-03 [Ref. 9] - This report presented the results of a 1978 FAA test in
which acoustical, tracking, meteorological and cockpit data were acquired for
eight helicopters. Data from this test were reported with and without
corrections to standard acoustical day conditions of 77°F, 70% R.H. Data were
provided for 6 degree approaches, takeoffs, and 500 foot level-flyovers.

FAA-EE-81-16 [Ref. 10] - This report presented the results of a 1980 FAA test
in which acoustical, tracking, meteorological, and cockpit data were acquired
for the 5-76, A-109, UH-60A, and 206-L helicopters. Data were reported with
and without correclions to standard acoustical day conditions of 77°F, 70%
R.H. Data were provided for 6 degree approaches, takeoffs, and level flyovers
with speed and altitude variations,

FAA-EE-77-94 [Ref. 11] - This report presented results of a 1976 FAA test
which included hover, level flyover and approach operations. Meteorological
and cockpit data were provided along with acoustical, data although tracking
information was unavailable, The level flyover events included speed variations
which permitted derivation of speed-versus-noise-level functions,

CERL Technical Report N-38 [Ref. 12] - This document provided Sound
Exposure Level (SEL) versus distance curves for eight helicopter types
including the UH-1H, UH-1N, and UH-1B models which are closely related to
the UH-1N. This document also provided important information the noise
characteristics associated with ground effect hover as well as takeoff, approach,
and level fiyover.



2.2 Moise Data Reduction :
r

The measurement programs acquired both recorded and direct read acoustical data
The analog magnetic tape recordings were filtered and digitized using the GenRad 1921
one-third octave real-time analyzer. Recording system frequency response adjustments
were applied, assuring overall Linearity of the recording/reduction system. The stored
24 one-third oclave sound pressure levels (SPLs) for each of the one-half second integra-
tion periods making up each event comprise the base of "raw data." Data reduction fol-
lowed the basic FAR-36 procedures. The raw spectral data were adjusted by sloping
the spectrum at -2 dB per one-third octave for those one-third octaves (abave 1.25 kHz)
where the signal-to-noise ratio was less than 5 dB. This procedure was applied in cases
involving no more than 9 "missing” one-third octaves. The shaping of the spectrum over
this range (up to 9 bands) deviated from the FAR 36 procedures in that the extrapola-
tion includes four more missing bands than normally allowed. However, in this specific
case, it was felt that use of the technique was justified as the high frequency spectral
shape for most helicopters was observed to fall off regularly at 2 dB per one-third oc-
Lave.

2.3  Position and Atmospheric Absorption Comrections

"As measured” data were used as the basis from which to compute the "Corrected” data.
The process of correcting data for position and atmospheric absorption included the fol-
lowing adjustments:

1. From the measured 24 one-third octave SPLs of the maximum noise spectra
to the standard acoustical data conditions utilizing 10-meter meteorological
data.

2. For the change in atmospheric absorption associated with the difference in
slant range between the actual and reference position of the belicopter at the
time of maximum noise.

3. For the spherical spreading associated with the difference in slant range
between the actual and reference positions of the helicopter at the time of
maximum noise. .
The analysis system utilizes a dynamic response time in the processing software which
is equivalent 1o the sound level meter "slow response” characteristics. As cited above,
this effective response is required under provisions of FAR-36.

2.4 Noise Curve Development

The fundamental SEL vs. Closest Point of Approach (CPA) distance relationship
reflects the change in sound due to the combined effects of spherical spreading and at-
mospheric absorption through the international sound absorption atmosphere {lel:
2). The "Simplified” procedure, to correct for atmospheric absorption and position,
consists of applying adjustments derived from differeaces between actual and reference



conditions to the "As Measured” sound exposure level (SEL). The adjustments are cal-
culated based on actual qonditions at the moment of the maximum A-weighted level
measured (LAmax). The method employed includes the following:

1. A-weighted sound levels (La) are computed for each "as measured® data

record (one every 0.5 seconds) over the length of the helicopter noise level
time history. The Lamas level, its spectrum, and the initial and final 10 dB down
data records are identified.

2. The resultant sound level (L) are numerically integrated over the period of
the 10 dB down duration to obtain the "as measured” SEL for the actual flight
path as defined by the CPA distance.

n  Odla o,
L= fOJEBEEIO ‘o3

3. The position of the aircraft at the time of Lamax and the closest point
approach distance are obtained.

4. The LAmax "as measured” spectrum (24-1/3 octave band sound pressure

levels) are adjusted to account for differences between test day atmospheric
losses and those losses that would have occurred if the meteorological
conditions had been such as to yield losses as determined by the SAE reference
absorption rates (see Table 2),

5. The reference sound propagation distance (SRR) is calculated for the Lamax
data record.

6. The Lamax spectrum is further adjusted for the change in atmospheric

absorption associated with the difference between the actual slant range (SR)
and SRR sound propagation paths using the SAE reference atmospheric
absorption coefficients. In addition, losses associated with spherical spreading
as a result of differences between the actual and reference propagation paths
are accounted for.

7. The adjusted SPL values of the L omg spectrum are converted to an adjusted
A-weighted level L asgj and a correction term @) to be algebraically applied
to the as measured SEL calculated.

B, = Ly L

8. The difference between the reference (VR) and actual ground speed (V),
and the new distances, effect the event duration. The effect of the new
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duration on the sound exposure level (SEL) at the new distance is taken iniu
account by a duratios adjustment terms ) where:

jOI:BCC’m/PA 3+!015(V/V

9. SEL at the new distance is obtained by adding the ; and 2 terms and the "as
measured” SEL.

Integrated vs. Simplified Adjustment Methods

Based upon an analysis of the derivation of noise-distance curves, a decision was made
to use the "simplified adjustment method rather than the "integrated” procedure. Even
though, the latter is recommended in SAE AIR 1845 when full spectrum time history
data is available as it is for most of the noise data in HNM. Both adjustment procedures
are fully described in AIR 1845 [Ref. 5] and will not be repeated here.

The integrated method of adjusting all data throughout the significant portion of the
aircrafi noise signal does in fact achieve the desired result but is unnecessarily laborious
and requires extreme care insure measured sound levels are free from contamination
from background acoustic noise or measuring system electronic noise. This can result
in anomalous high frequency spectral shaping of the adjusted data, most especally near
the 10 dB down points of the adjusted noise level time history, producing incorrect results
which are not always readily apparent.

The simplified procedure is more manageable since adjustments to decay the test data
to new distances are only applied to a single spectral record, the spectrum of the maxi-
mum A-weighted record. Care to insure the "as measured” data are free of contamina-
tion is still necessary but is not as critical as with the integrated procedure. The probiems
with the "simplified” procedure lies with the value selected for the constant (k) for the
distance duration adjustment ( 2).

Noise-distance curves generated for four helicopters using the integrated procedure and
the simplified procedure withk = 7.5and k = 10.0 were compared and differences tabu-
lated in Table 3. Note that the k = 10.0 data compares very closely, over the 200 to
10,000 foot distance, with that derived from the integrated procedure while k = 7.5data
agrees with the integrated curve in the vicnity of 500 feet with errors as high as 4.0 dB
at 10,000 feet. The "as measured” data in these cases were generated from 500 foot level
flyovers. Moise-distance curves generated from 1,000 foot flyover data where available
using the integrated procedure and the simplified procedure with k = 10.0 in the dis-
tance duration adjustment terms produce identical SEL vs distance relationship. Thus,
it is cost effective and less prone to error to use the simplified rather than the integrated
procedure to generate SEL/distance curves. Further considering the differences noted
using k = 7.5 in the simplified procedure, it is recommended that k = 10.0 be used in
the ; duration adjustment term.



3 Performance Data Base

Not only does HNM Version 1 contain data base of helicopter noise, but also, perfor-
mance parameters and samples of departure and arrival profiles to guide the user. The
three types of profiles used in HNM are takeofflanding and taxi. Because there are 5o
many ways to operate a helicopter, it is not possible to establish standard procedures for
all helicopters at all heliports. For this reason, entry of profile data is a regular require-
ment of the model in describing operations at a specific heliport.

Rotoreraft Flight Manuals are published for each helicopter certificated under Federal
Aviation Regulations. These manuals provide operating limitations, normal and emer-
gency flight procedures, and some performance information. While the flight manual
may be the best published source of performance data, there are many commonly used
operational procedures which are not included. It is therefore essential that the plan-
ner undertaking a heliport noise impact analysis speak directly with helicopter operatars
to review in detail the way in which helicopters are flown at the particular facility.

HNM provides data on 13 operating modes as shown in Table 4. These data are drawn
from operators manuals and the various helicopter noise measurement programs which
generated the associated noise-distance curves [Refs. 9-12). A performance profile is a
series of segments which must include the following information:

® Ground distance of the point from start (or end) of the operation in user
specified units (feet, meters or international nautical miles ).
® Alritude in feet above the helipon.
@ Velocity in knots at the point (or, for static operations, the duration in seconds
of the operation at the point).
@ Operating mode (thrust name).
Each profile must contain at least three segments, but no more than fourteen.

3.1 Takeofi Profiles

Of 13 helicopter operating modes identified im the HNM, ninc modes may be ap-
propriate for use in takeoff profiles (see Table 5). Table 6 contains an example which
defines the takeoff profile illustrated in Figure 2. This sample takeoff profile is the same
for all helicopiers in Data Base No.1 and is usually referred as the Direct Flight Profile
[Ref. 13]. It contains mine profile points which define eight profile segments and 5
operating modes (thrusts). For each of the defined points except the last point, the dis-
tance, altitude, velocity, and thrust are the values at that point. For static operations not
involving borizontal movement, the duration entered at a point is the duration of the
operation initiated at the point. For example, for point 1 at a distance of zero feet, the
duration of 10 seconds is the duration of the operation at GIDLE thrust. For point 6 at
a distance of 562 feet from the helipad and an altitude of 30 feet, 60 kts is the velodty at
point 6, resulting from the acceleration of the previous segment (5-6).
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3.3

Landing Profiles 2

Taxi Profiles

Of the 13 helicopter operating modes identified in the HNM, eight modes may be ap-
propriate for use in landing profiles (see Table 7). Table 8 contains an example which
defines the landing profile illustrated in Figure 3. The sample approach profile is the
same for all helicopters in Data Base No. 1, and is defined as a constant speed approach
to within 0.5 n.mi. of the pad at which point the belicopter decelerates while descending
al a constanl glideslope. It contains seven profile points which define six segments. For
each of the defined points, the distance, altitude, velodity, and thrust are the values at
that point, excepl for the last point. For static operations not involving horizontal move-
ment, the duration entered at a point is the duration of the operation initiated at the
point. For example, for point 5 at a distance of zero feet and altitude of fifieen fest, the
duration of 3 seconds is the duration of the operation at HOGE thrust. For point 3ata
distance of 4,819 feet from the landing helipad and an altitude of 1,000 feet, the velocity
of 60K is the velocity at point 3, resulting from the deceleration of the previous segment
(2-3).

Of the 13 helicopter operating modes identified in the HNM, seven may be appropriate
for use in taxi profiles (see Table 9). Table 10 contains an example which defines the
taxi profile. The sample taxi operation is the same for all helicopters in Data Base No.
1. It contains eight profile points which define six segments. The constant velocity seg-
ment for the "takeoff” portion of the taxi operation is combined with the constant velocity
segment for the "landing” portion of the taxi operation. For each of the defined points,
the distance, altitude, velocty, and thrust are the values at that point, except for the last
point. However, for static operations not involving horizontal movement, the duration
entered at a point is the duration of the operation initiated at the point. For example,
for point 1 at a distance and altitude of zero feet, the duration of 10 seconds is the dura-
tion of the operation at GIDLE thrust.

Note that the flight idle noise thrust curve is used for constant velocity taxd segments if
a helicopter has wheels. If the vehicle has no wheels, the HIGE noise curve is used. This
distinction is made automatically by the program. The taxi profiles utilize software
designed for takeoff and for landing operations to provide for all aspects of a taxi opera-
tion. However, the HNM will only allow takeoffs to occur at a designated takeofi/land-
ing pad. Consequently, the “takeoff” portion of a taxi operation must begin at the
takeofflanding pad regardless of the actual initiation point of the taxi operation being
modeled. When the helicopter is taxiing from the takeoff/ landing pad to the parking
pad, the profile is being used in the "direct® sequence. However, when the helicopter
taxies from the parking place to the takeofi/landing pad, the profile is given in "reverse”
sequence as shown in the example in Table 11.



4 Calculation Procedures

The Heliport Noise Model, like any other computer program, is simply a set of equa-
tions tied together into a process. To calculate helicopter noise requires simulation of
both its performance and source noise propagation. The general procedure for deter-
mining the sound exposure level is to extract a sound level from the reference acousti-
cal data base at the appropriate distance and operational mode, and then to adjust the
level to account for differences between actual conditions and the reference conditions
associated with the data base.,

4.1 Aircratt Position

The model represents helicopter flight as the combination of the appropriate profile and
ground track definitions on a Cartesian coordinate system. A track is composed of up
to sixteen segments which are alternately straight and curved. The calculation of single
evenl noise exposure al any location requires not only the slant distance between the cal-
culation point and cach of the flight segments but also the values of the profile
parameters, i.e. aliitude, velocity and operating mode, of sach segment.

4.2  Single Event Noise Exposure

For each helicopter type, the procedure for determining the sound exposure level at any
location is to extract the appropriate level from the noise data base at the minimum dis-
tance between the helicopter and the location, and then to add adjustments to account
for differences between actual conditions and the reference conditions of the data base.
The adjustments to the basic noise level at distance, d, and for operating mode, O, takes
the following form:

Lag = LagCOA* Ayt Lgtby+Ag + thg+A4,
The factors are defined as follows:

LeftRight Directivity: Each helicopter has a left or right side noise dominance
ﬂ L/!_ depending upon the direction of rotation of the main rotor and the location of



the tail rotor. In HNM Version 1, this phenomena is accommodated by the use
of left, right and centerline noise curves for each of the in flight operational
modes (takeoff, approach and level flight). The sideline noise curves have been
normalized to an elevation angle of 45 degrees. For any angle between 45
degrees and overhead (90 deg.), the sound level is determined by interpolation
between the reference elevation angles,

Lateral Effect: For elevation angles of less than 45 degrees, the sound exposure
level is calculated from the left or right noise curve with a correction for excess
ground attenuation and source directivity that are helicopter specific. However,
unlike fixed-wing aircraft, the adjustment is not necessarily an attenuation.

Source Noise Correction: When the helicopter is in level flight cruise, an
adjustment is made based upon the change in the Mach number of the
advancing blade.

Static Directivity: Analysis of bover-in-ground-effect (HIGE) measurements
resulted in the derivation of acoustical emission directivity patterns for both
hard and soft surfaces.

Static Duration: Duration of a static event, such as flight idle, becomes a
multiplier to the acoustical energy.

Noise Fraction: The SEL database contained within HNM Version 1 assumes a
helicopter flyby along a path that is straight and of infmite length. The sound
exposure fraction of a flight segment is that portion of the total sound exposure
for the infinite path that can be attributed to the finite, straight segment. Its
derivation is based on a 90 degree dipole mode! of the time history of the sound
received at an observer position. The noise fraction does not apply to static
operations.

: Helicopter speed effects the duration of the noise
event, thus, a change in velocity from the stored reference results in a decibel

change due to change in duration.

Conversion from Aj ; to SEL: Static noisc data is stored as maximum
A-weighted sound levels (Apm) which must be converted to SEL before use in
deriving the cumulative level.



4.3  In-flight Operations

4.3.1 Source Noise Adjustment (Level Fiyover ONLY)

This adjustment is necessary when the airspeed, temperature, or rotor RPM deviates
from reference value. The adjustment is calculated using stored constants from a poly-
nomial regression using the following equation:

7
Bpu=lop* b, CM*%— MAW,.\)* 0 :_C MAm‘; MAov rj

where,
By, and B) and B; are helicopter specific coefficients.

Mapv 1s the advancing tip Mach Number as defined in the equation:
Mg, = (1699VD-0:-22M3/60T] [

c is the speed of sound as defined in the equation:

©.&
c= 401 (459:63/7)

4.3.2 Speed duration effect
V.
AV = th‘f‘jC +/Vr‘)

where;
Ve is the reference airspeed for the noise curve

V) is the operational airspeed



4.3.3 LsfURight Directional Adjustment

In-flight directivity in terms of elevation angle is accounted for by three sets of SEL data
for left, center and right. The left and right data are corrected to an elevation angle of
457 and the center data at 90°. At sites where the propagation angle is between <45° and
45°, a lincar interpolation will be performed on the observed elevation angle between
the centerline SEL value and the lefi or right 45° SEL value for all distances. In the ab-
sence of a helicopter specific function, a generalized (symmetrical left/right) low angle
function will operate below 45°

4.3.4 Low Angle Adjustment

Between 45° and 15° on either side of the helicopter, a helicopter specific adjustment
will be applied arithmetically to the appropriate 45 degree SEL value [Ref. 14]. This ad-
justment value will be determined using an equation of the following form:

ﬂ;_‘}i: C.f C"f"‘fﬂﬁ-)

where;
tis the observed elevation angle
c1 is the helicopter specific slope

In all cases where the elevation angle between the observer and the helicopter is less
than 15 degrees a separate function will be utilized. This relationship will be a lin=ar
function of theta. The relationship will take the form:

A = dp*O{i (15"9)

&

Appendix B contains the lateral aticnuation coefficients from the HNM data base.

4.3.5 Effect of Tums on Duration

The SEL data base contained within HNM Version 1 assumes a helicopter flyby along
a path that is straight and of infinite length. Turning flight tracks are represented by a
series of short straight line segments. The contribution of each segment to the change
in duration time and therefore to the sound exposure level is estimated by computing
the sound fraction of each straight segment [Ref. 15]. The sound exposure fraction of a



flight segment is that portion of the total sound exposure for the infinite path of the noise
data base thal can be attributed to the finite, straight segment. Its derivation is based on
a 9%0° dipole model of the time history of the sound received at an observer position. The
fractional sound exposure components are then summed yielding values that are repre-
sentative of the change in noise exposure resulting from flight path curvature,

4.4  Static Operations

Helicopters operating in a nominally static mode, such as, ground idle, flight idle, hover
in ground effect and hover out of ground effect, tend to exhibit pronounced directive
differences in their sound radiation patterns. This spatial variation in the emission of
sound is accompanied by a continuous variation with time for any given radiation angle.
In addition, the effect is different when over an acoustically hard surface, such as, con-
crete or asphalt, as opposed to a soft surface.

4.4.1 Directivity

The static data base consists of several categories:

® Analysis of hover-in-ground-cffect measurements resulted in the derivation
of acoustical emission directivity patterns for both hard and soft surfaces
[Ref. 16]. The general form of the equation is illustrated in Figure 4. The
directivity factor is an adjustment to the sound level as a function of the
belicopter azimuth angle which is measured clockwise from the nose. The
function is a least square error £t using five cosine terms and three sine
terms. Appendix C provides the stored parameters for specific helicopters in
the HNM data base.

@ Omnidirectional noise data estimates derived from FAA noise estimation
curves. These data will then be projected to other distances using the soft
propagation relationships.

The directional pattern should be used only in situations where the helicopter will,
throughout the year be used in a finite directional manner. If this cannot be assumed
then spatial/time average, omnidirectional patterns should be utilized.

4.4.2 Conversion from ALm to SEL

All static mode reference noise data is stored as maximum A-weighted Sound Level
(ALm). When HIGE is used for a moving helicopter during a taxi operation, the ALm
data is transformed into Sound Exposure Level (SEL) by means of a dipole function of
the following form:

Ac= 10l C(‘?f/:.)(dﬂ/gi_‘):]



where;

SR is the slant range distance to the helicopter, in feet

Vris the airspeed, in feet/second

d4.4.3 Duration

Duration of a static event, such as flight idle, becomes a multiplier to the acoustical =ner-

gy in the following form:
(0.1 Lye )

A,y =10

where;

t is the duration of the static operation, in seconds

4.5 Cumulative Noige Exposure

As stated earlier, the Heliport Noise Model is a computer program used for determin-
ing the levels of noise near heliports which are expressed in terms of the Day-Night
Average Sound Level (DNL) according to the following equation for discrete events:

o) A o(ﬂ-”—ueﬂijﬁ _

1=

where;
LAE(i) 1s the sound exposure level of the ith event during the day, ie., 0700h to 215%h.
Lag(j) is the sound exposure level of the jth event during the night, i.e., 2200h to 0655h

In the model, it is convenient to calculate the yearly DNL by making use of the annual
average number of helicopter operations per day and night for each helicopter type.



4.6 Contours

HNM's primary outputs are DNL contours which are presented in tabular form or as
plots. A noise contour is simply a continuous line on a map connecting all locations ex-
periencing the same noise exposure level. HNM Contours are derived, in the same man-
ner as INM contours [Ref. 17}, from the calculation of the noise surface due to helicopter
operations. The noise surface is actually cumulative levels calculated at the intersections
of an irregular grid; which is irregular because instead of constant spacing between in-
tersections, the model makes decisions to generate more intersections as needed to
produce a smooth noise surface. The contour lines are then found by interpolating be-
tween ntersections, '

5 Validation

FAA has used the best available data to the fullest extent possible in the development
of Heliport Noise Model (HNM) Version 1.1. HNM is the culmination of saveral years
of helicopter noise research involving manufacturers, Federal agencies, foreign govern-
ments and the Society of Automotive Engineers (SAE). FAA will continue to develop
and refine HNM in the years to come to maintain its position as the state-of-the-art in
beliport noise analysis. '

As clearly stated in this report, HNM represents results of many helicopter noise
measurement programs over the years. These tests have been conducted under
rigorously controlled conditions involving generally small sample sizes. The purpose of
the future HNM validation project is to determine the accuracy of both the computa-
tional methods and data base by comparing the model’s calculations to monitored
results. It has been the FAA experience in the INM Validation project [Refs. 18-20] that
this process requires the evaluation of individual fundamental building blocks or com-
ponents. Therefore it is the intent of the FAA to begin with the validation of the fun-
damental noise-distance relationships by obtaining large samples of helicopter flyover
events at several heliports over a substantial portion of the year. Large and varied
samples ensure that the results are statistically significant and without bias.
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Appendix C

Static Directivity Coefficients
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Table 1

Helicopters Stored in HNM Data Base

Storage

Lo e e T < T 5 B - 1Y T X T S

Helicopter
Name

B2132
561
564
CH47D
H500D
BO105
B47G
SA330J
B206L
Al0S
SA341G
H300C
SE&5
570
576
SA365N
SAJSEF
SA350D
B222
R22ZHP
BK117

Description

Bell 212 (UH-1N)
Sikorsky S-61 (CH-3a)
Sikorsky S-64 (CH-54B)

Boeing Vertol 234 (CH-47D)

Hughes 500D

Boelkow BO-105

Bell 47G
Aerospatiale SA-330J
Bell 208L

Augusta A-109
Aerospatiale SA-341G
Hughes 300C

Sikorsky S-65 (CH-53)
Sikorsky S-70 (UH-60a)
Sikorsky s-76
Aerospatiale SA-365N
Aerospatiale SA-355F
Aerospatiale SA-350D
Bell 222

Robinson R22HP
Boelkow BEK-117

Max.
Weight
{1bs.)
10,500
19,000
42,000
48,500

2,550

5,070

2,950
15,432

4,000

5,730

3,970
. 1,800
37,000
20,250
10,000

8,488

5,070

4,300

7,800

1,300

6,283



Table 2

Attenuations Coefficients for Extrapolation of Duration Adjustments
to Sound Exposure Level

Center Frequency Attenuation Coefficient
of 1/3 Octave Band, Hz decibels per 100 meters
50 .033
63 -033
g0 .033
100 -066
125 066
160 . 098
200 «131
250 » 131
315 .197
400 . 229
500 .295
630 361
EDO .459
1,000 .590
1,250 .754
1,600 =983
2,000 1.312
2,500 1.745
3,150 2.295
4,000 3.115
5,000 3.607
6,300 5,245
g,000 7213

10,000 9.836



Table 3

Comparison of Integrated vs Simplified Adjustment Procedure

Delta SEL(dB)™
at Closest Point of Approach Reference Distance (feet)

* %k

Helicopter k 200 400 630 1000 2000 4000 6300 10000
SA-365N 7.5 =0.7 -0.2 0. 0. s K- 2.3 <Pk ¢ 4.0
10.0 0.3 0.1 -0.1 -0.2 -0.3 0.1 0.4 0.8
Bell 222 = I 0.0 0.6 1.0 1.8 2.4 2.9 35
10.0 0.1 0.0 gl § B 0.0 0.1 =0.1 =0.1° 9.0
5-786 T.& —0B.9 =0.3 0.2 D.6 1.3 2.0 2.5 i 7 |
10.0 =0.1 0.0 -0.0 -0. -0.2 =0.2 -0.2 =0.1
UN=60A 7.5 =0.9 -0.2 o 105 0.5 5 op b 1.8 2.4 2.¢%
10.0 =0.1 -0.1 o ] —05:2 -0.4 -0.4 -0.3 =0.3

As measured data from 500 foot level flyovers measured at centerline

** Where k is duration constant in distance duration adjustment 2



Table 4

HNM Data Base
Cperating Modes and Thrust Names

Thrust
Operating Mode Hame
Ground Idle GIDLE
Flight Idle FIDLE
Hover In Ground Effect HIGE
Hover Out of Ground Effect HOGE
Vertical Ascent vascl
Takeoff at Constant TO
Velocity (Vy)
Accelerating Horizontal acrut
Takeoff
Accelerating Climbing acrct
Takeoff
Level Flyover (Cruise) LFLO
Descent at Constant APFR
Velocity (Vy)
Decelerating Descent pcLpl
Horizeontal Deceleration DeLH

Taxi HIGE

Default Thrust Name

in the Data Base

GIDLE
FIDLE
HIGE

HOGE
HIGE/HOGE?

TO
TC
TO

LFLO

APPR

APPR
APPR

HIGE



Table S

Takeoff Profiles
Operating Modes and Thrust Names

_ Thrust Default Thrust Name
Operating Mode Name in the Data Base
Ground Idle GIDLE GIDLE
Flight Idle FIDLE FIDLE
Hover In Ground Effect HIGE HIGE
Hover Out of Ground Effect HOGE HOGE
Vertical Ascent vascl HIGE/HOGEZ
Takeoff at Constant TO TO
Velocity (Vy)

Accelerating Horizontal acryl TO

Takeoff

Accelerating Climbing acLed TO

Takeoff

Level Flyover (Cruise) LFLO LFLO

Notes:

1 The data base is designed to provide offset constants to add to

the default noise curve. 1In the data base,
zero until experimentally determined.

these constants are

2 If the final altitude is greater than 1.5 times the rotor

diameter, HOGE is used by the model.

Otherwise, HIGE is used.



Table &

Sample Helicopter Takeoff Profile

Description

1. Startup and Idle

2.

3.

Flight Idle Checks

Vertical Ascent to
15 ft. and Hover

Horizontal Accel.
to 30K (0.2g)

Climk and accel.
to 60K at 30 ft.

Climb at 1,700
ft./min.

Accel. to Cruise
Begin Cruise

End of Cruise

Distance

(ft)

100

562

4,032
6,786

99,998

Altitude
(ft)

15

15

30

1,000
1,000

1,000

Velocity
or

Duration

IAS(K)
or SEC

10 (SEC)
10 (SEC)

3 (SECQ)

16 (K)

30 (K)

60 (K)

60 (K)
100 (K)

100 (K)

Thrust

GIDLE
FIDLE

HOGE

TC

TC

TO

TO



Table 7

Landing Profiles
Cperating Modes and Thrust Names

Thrust Default Thrust Name
Operating Mode Name _in the Data Base
Ground Idle GIDLE GIDLE
Flight Idle FIDLE FIDLE
Hover In Ground Effect HIGE HIGE
Hover Qut of Ground Effect HOGE HOGE
Descent at Constant APPR AFPR
Velocity (Vy)
Decelerating Descent pcrpl APPR
Horizontal Deceleration pcrut APPR
Level Flyover (Cruise) LFLO LF1O
Notes:
1 The data base is designed to provide offset constants to add to

the default noise curve. In the data base,
zero until experimentally defined.

these constants are



Takle B

Sample Helicopter Landing Profile

Description
l. Cruise
2. Decel. to Approach
3. 6% Descent to
500 ft.
4. 9% Decel. Descent
5. Hover and Vertical
Descent
6. Ground Idle
7. Stop

Distance

(£ft)

99,999
10,535

4,819

3,062

0

Altitude
(ft)

1,000

1,000

1,000

500

15

Velocity/
Duration

IAS (K)
or SEC

100

100

60

60

3

10

(K)
(K)
(K)

(K)

(SEC)

(SEC)

Thrust

APPR

APPR

APPR

HOGE

GIDLE



Table S

Cperating Modes and Thrust Names

Thrust Default Thrust Name
Operating Mode Name in the Data Base
Ground Idle GIDLE GIDLE
Flight Idle FIDLE FIDLE
Hover In Ground Effect HIGE HIGE
Hover Out of Ground Effect HOGE HOGE
Vertical Ascent vascl HIGE,’HDGE2
Taxi HIGE HIGE
Decelerating Descent perpt APPR
HNotes:
1 The data base is designed to provide offset constants to add to

the default noise curve. In the data base, these constants are
zero until experimentally defined.

2 If the final altitude is greater than 1.5 times the rotor
diameter, HOGE is used by the model. Otherwise, HIGE is used.



Table 10

Sample of Helicopter "Direct"* Taxi Profile

; Initial Initial
Description Distance Altitude
(ft) (ft)
Takeoff Portion:
1. Ground Idle 0 0
2. Vertical Ascent to 4] 0]
3 ft. and Acceleration
3. Initial Horizontal 0 3
Taxi Motion
4. Constant velocity** 5,280 3
Landing Portion:
1. Constant Velocity** 5,280 3
2. Vertical Descent to (v} 3
Ground and Deceleration
3. Ground Idle 0 4]
4. Stop o 0

Initial
Velocity/

Duration
IAS (K)

or SEC

10 (SEC)

2 (SEC)

10 (K)

10 (K)

10 (K)

[

(SEC)

30 (SEC)

GIDLE

HIGE

HIGE

HIGE

HIGE

GIDLE

This example is for a "direct" operation in which the helicopter

starts from the takeoff/landing pad, moves to the parking pad,

sits down and stops.

* %

The HNM combines two constant velocity segments into a single taxi

segment with a length specified by the operator in the track

definition. The "5280" feet is ignored.



Table 11

Sample of Helicopter "Reverse" Taxi Profile

o Initial
— Initial Initial Velocity/
Description Distance Altitude Duration Thrust
(£t) (£t) IAS (K)
or SEC
Takeoff Portion:
1. Ground Idle 0 0 10 (SEC) GIDLE
2. Vertical Descent and o 0 2 (S5EC) HIGE
Decel.
3. Initial Horizontal Taxi 0 3 10 (K) HIGE
Motion
4. Constant Velocity#*=* 5,280 3 10 (K)
Landing Portion:
1. Constant Velocity#** 5,280 3 10 (K) HIGE
2. Vertical Ascent and 0 3 2 (SEC) HIGE
Accel.
3. Flight Idle Check 4] 8] 120 (SEC) FIDLE
4. Ground Idle o 1] 60 (SEC) GIDLE
5. Stop 0 0 o]

This example is for a "reverse" operation in which the initial
GIDLE and FIDLE operations occur at the parking pad, the
helicopter then moves to the takeoff pad, sits down, and idles for
10 seconds.

*H The HNM combines two constant velocity segments into a single taxi
segment with a length specified by the operator in the track

definition. The "5280" feet is ignored.
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|
|
I
|

Right

91.3
| 83.8

I
|

HNM DATABASE 1
| Center|

B83.4

3 DEC. 86
| 0.0

LEVEL

| FLYOVER @ 93,96 KTS

| 89,3
| 82.1

TSC 48-FA-753-LR4
| 92.2
85.4

| 92.1

TARLE A-1a.

|6° APFROACH @ 54.7 KTS |
88.4

SOURCE:
|
| 82.0

I
|

| 89.8
82.9

TAKEOFF @ 53.37 KTS
B&.4
| 79.7
I
| 74.7

NAME: BELL 212

| 87.8
T

|10,000] 66.2

[

I

14,000 | 75.6

|630
2,000 | 80.9

#l

I
I

RPM = 324

48.19 FT,

DIA

No Wheels,

|Coefficients:

—r

HUGE

|

| Soft

H1E

|
| | Hard

Flight Idle
| Soft

| Hard

|
I

| Eoft

RZ (not imput)
Grounag Idle

| Hard

BZ

| STATIC CONDITIONS

TECAT |
|DIST.
|400

| 630

|



TARLE A-3b.

HNM DATABASE 1

_II.
2
g
3 o
sl B
S
P
e
N
e 1
35
mm

%

I

TAKEOFF @ 73.21 KTS

NAME: SIKORSKY 5-61 (CH3A) SOURCE:

J
|

#2
|SLANT T

|
I

E

Center| Right

]
|

IDIST. | Left

| (ft)

89.2 | 90.5

| 90.7

|630

| 87.2 | 84.3 | 853

| 89.3
86.3 |

| 85.8

| 89,2
| 86.5

| 87.8
| 68.1

| 86.2
| 70.3
] I

| 64.6

|

|Coefficients:

110,000/ &7.9

l6,300 | 73.1

I

|1,000 | 87.%

203

&2 FT,

DIA

Wheels,

1
|

Bl

—_——

H2

(not imput)

| STATIC CONDITIONS

|

ard

I
[ Soft |

HiIGE

| Hard

I

o

rlight Idle

| Hard

| S0ft |

Ground Idgle

|DIST. T Aard

TSLANT |

|200
1630
12,000 |

|




TABLE A-3c.,

LNRUH

HW DATABASE 1

TSC-48-FA-753-R1 = 14 NOV. 8&
#4 NAME: BOEING VERTOL CH-47D SOURCE: TSC-48-FA-653-LR24 - 16 SEPT. B6
[ I I &Y PPPROAH T 1 ]
| | TAKEOFF @ 85 KTS (ICAD)| | AT B5 KTS (ICAQ) | |LEVEL FLYOVER @ 120 KTS|
SLANT T | [T I ] i [ [ M
DIST. | Left Center| Right | | Left | Center| Right | | Left | Center| Right |
IEEE) ) I | simplified 10 @] | B sl i T |
| | | I | | o | | |
200 | 93.8 $2.7 |1 92,8 | |100.4 | 101.3 | 97.7 | | 92.7 | s1.2 | 92.3 |
| | I | | | | ¥ &l | | |
:ama | 89.9 I 8.0 189.2 | | 971 |9%8.0 | 943 | |88.8 | 87.5 | 88.5 |
I | == | I T I | T
|630 | 87.2 | 86.4 | 86.5 | | 949 | 558 | 920 | | 862 | 84.9 | 85.8 |
I I I | =1 | | =0 [ I I
[1,000 | 84.2 | 83.5 |83.6 | |92.5 | 935 |89.6 | | 833 |82.0 | 82.9 |
I | I I [ = I I Taiil 1| I |
|2,000 | 79.1 | 78.6 | 78.7 | |88.6 | 89.6 | 856 | |78.5 | 77.0 | 78.1 |
] I | I T [ I Iz I; I I T
|4,000 | 73.1 | 72.9 | 72.7 | 1840 | 851 |81.0 | |73.0 | 7L.3 | 72.6 |
I | I | I | | I | | |
|6,300 | 68.6 | 68.5 | €8.1 | | 80.4 | 81.7 | 77.4 | | 68.9 | 67.1 | 68.6 |
I | | | IR | | 15 il | | |
|10,000]| 63.5 | &3.5 |'62.7 | | 761 | 7726 | 73.0 | | 644 | 625 | 641 |
| |
|Coefficients: Wheels, 2 Rotors, DIA = &0.0 FT, RPM = 225 - I
25 I I =4 I | 1 | [ gl
| BO | | | || | | [ e 12 Lo i1 8 o R O L * M
I [ I I T | I T I I I
LEL | | | | | I | | 36.97 | 42.21 | 32.86 |
I T I I I 1 I [ T [ [ x|
| B2 | | | = | | I | 11418.53|2213.44| 527.01|
I RZ (not input) | ] | I | 11.00 T12.00 [1.00 [
I |
| STATIC CONDITIONS |
SLANT Ground ldle | [ FOght Idle | I HIGE == HOGE I
IDIST. THard T Soft | |"Martd | Soft | [ Hard [ Soft | [ Hard 1| Soft |
T | | | | | | | 1 I I | |
|200 | | | | | | | | 863 | 1 | 92.3 |
I [ I I I | I I | s I |
400 | | | | | I | 2 S | 85.7 |
| | | | | | | | | | | | |
|630 | | I | | | | [ 7500 | | | 81.3 |
| | | | | | | | | I | |
11,000 | | I I I I | o V0 RN | 76.6 |
T | ] I | I I I I = I I
|2,000 | | I | | | | j-&2.90 ] | 69.3 |
| | | | | | | | B | |
4,000 | | | | I | | T | | 61.2 |
| | | | | | | | | | | | |
16,300 | | I I I I | | 50.0 } I I 555 %
| I | | | | | | I
|10, 000| | | | | I | | 84,7 | | | 49.2 |
| | I | | | | | | | | | |
IDIR | | | | | | | Yes | Yes | | | |

A-8



TARLE A-3d.

UNRUH
TSC-48~FA-753-LR1 =

HNM DATABASE 1

14 NOV. 8s

#5 NAME: HUGHES 500D SOURCE: TSC-48-FA-653-LR22 - 29 AUG. 86
| | 1 | S
| | TAKEOFF @ 62 KTS (ICAD)| | 6° APFROACH @ 62 KTS | |LEVEL FLYOVER @ 111 KTS|
ISLANT T | | [ | | || | I |
IDIST. | Left | Center| Right | | Left | Center| Right | | Left | Centerl Right |
[(ft) | | | A | | | | T500 ft. alt. clock) |
I I I I = I [ =1 | I T
1200 | 89.3 | 86.4 | 88.5 | | ms8.§ | 90.4 | 90.9 | | 87.4 | 84.9 | 86.9 |
| | | | | | | I | | |
400 | 86.0 1831 | 852 | | 852 |87.1 | 87.5 | | 835.9 i.8l.6 | 83.5 |
I I | | == I I ==] ] [ 1
1630 | 83.7 | 80.8 | 82.8 | |.82.9 | 84,7 1.85.1 | | &t:s j[.79:3 jLal.2 ]
| I I I == [ I [T ] I I
11,000 | 81.2 | 78.3 | 80.2 | | 80.3 | 82.2 | 82.4 | | 78.9 | 76.8 | 78.7 |
| | | | 1 | | I | | |
|12,000 | 76.9 | 74.2 | 75.8 | | 76.0 | 77.9 L7228 |- ] 78:5 ile72:7 ) -7 |
[ I ] I = | I [ == | I I
14,000 | 71.7 | 69.2 | 70.5 | | 70.7 | 72.7 | 72.1 | | €9.1 | 67.9 | 9.2 |
] I I [ o) I | [ 1 I | T
16,300 | 67.6 | 65.1 |66.1 | | 66.5 | & | 67.4 | | 65.0 | 64.2 | €5.3 |
I I I I s [ I =71 [ | T
110,000] 62.4 | 60.3 | 60.7 | | 61.5 | & | 61.6 | | 60.0 | 59.8 | €0.5 |
I I
|Coefficients: No Wheels, DIA = 26.41 FT, RPM = 492 I
| I I I Y] I I Jr=] [ [ I
| BO | | | T | | | | =27 | =17 | 20 |
, | | | | | | = | | =1
Bl | | | Y | | | | | 24.06 | =17.5 | 20.04 |
T I I I Bl | I e T [ I
| B2 | | I | | | | | | 810.41] 183.63| 470.08]|
i R (not imput) | i | B e T
T I
| STATIC COMNDITIONS |
[SCANT | Ground Idle | T F]J.dght Idle | | HIGE I a0l HOGE I
IDIST. T Hard [ Soft T | Hard | Soft | | Hard Soft | [ Hard T Soft |
| | I | | | | | | | | I
200 | | | | | I | F L i | |
| | | | | | | [ | | | |
lap0 | | | | | | | 7 S 1] D | | |
! | ] I [ I | I | I |
630 | | | | | | | 68.4 | | | |
| | | | | | | | | | | |
11,000 | | | | | | | 3.4 | | | |
l | | | | | | | | | | |
2,000 | | | | | | | se.2- | |
[ I I I I T I = | I
4,000 | | l | | | | 46.3 | | | I
| | | | | | | | | | | |
6,300 | | | | | I i 40.5 : I I :
[ I I | | [ I
|10, 000| | | | | | | 347 . ] | |
| I | = | | | | | | | |
IDIR | | | | | | | Yes Yes: | | | |




T

HNM DATASASE 1

3 DEC. B&

ILEVEL FLYOVER @ 117 KTS|

SOURCE: TSC=-48-FA-753-{R7

TABLE A-3e.
|
|6° APFROACH @ 69.62 KTS|

NAME: BOELKOW B0O-105
TAKEOFF @& 67.22 KTS

#6

I
l

—_— e ——= == = e e e e e e b e e =
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HNM DATABASE 1

3 DEC. 85

SOURCE: TSC-48-FA-753-LR2 =

TARLE A-3f,

NAME: AEROSPATIALE PUMA SA330J

#8

e
|
< g
i
gl 3
o |
8
5l §
M|m
43
| ¢
.L_H-_ = |
S S
|
e ¥ axi
o g
0 o
o | IR
0 [ ¥]
o &
&5 &8
L=
-UII-.'I
&l -
<%
o 77
ol 2
T i
b =
o o
2
o [i1]
bl =
@ )
—.-&I {4 ]
m v
4 e
e |
.
waﬂ
o

| 86.6
| 76.4
| 72.0

£5.8

f

| 84.8
| 72.5
I

| 60.1
265

RPM

| 87.1

| [

| 72.7 | 86.8
I

| 67.2

| Sott |

| 73.6
| 68.7
HIGE

| Hard

|

85.9
75.6
71.4

| 68.8
DIA = 49 FT,
dle
5]
A-11

Flight 1
a

|
|

| 74.5

I 59'2

| 69.1
Q

|
| 63.5

RZ (not irput)
Ground ldle
a

|
|10,000| &8.2

I

Bl

|Coefficients: Wheels,
| STATIC CONDITIONS

]
I

|4,000 | 77.9
16,300 | 73.5
[SCANT |
IDIST.

| 200




TABLE A-3g.

S HNM DATABASE 1
-4B-FA=-753-{R1 - 14 NOV.
Tg lw-E: BELL 206L (LONG RANGER)  SOURCE: TSC-48-FA-853-LR20 - 25 JJ_YBS.G
] ] | |
EEJ_ANT [ TN(EEII"F € .] KTS E i © APPROACH @ KTS| |LEVEL FLYOVER @ 115 KTS|
I [ T T | I
|DIST. | Left | Centerl Right | | Left | Centerl| Right | | Left | Center| Right ||
[(ft) | | | j | | “(300 ft. flyover |
I [ [ | T 1 I I il ] [ |
Izum : : : I| : lt | . enz - u87.8 | 89:0: |
] T 1 T | |
{nm : ‘l I |i : E I | | 86.9 | 84,2 | 85.4 |
| I 1 | | |
:ssm Ir T| I| : : : | | | 84.2 | B1.7 | B82.8 |
I I [ [ I
1,000 | | | Jol I | [ | 81.3 | 78.9 | 79.9 |
1 | | | 1 T | I | | |
|2,000 | | | e il | | | 76 lbraie ) 352 |
I I I [ | I I 51 I | P
| 4,000 | | | el | | | |'70.4: | 68.5 | €9.:8 |
| T | [ | [ | 1 [ | ™|
1|s,3cu : % : : : I | | | 65.9 | 64.3 | 65.4 |
I T 1 [ I i)
||1r.1,,l:u:u:1| | | . | | [ a7 55e.3 | 6.8 |
|
|ICoefficients: No Wheels, DIA = 37.0 FT = 394 |
I | [ I [ 1 I T | | I I
| B0 | | | i | jRiineg AT Y O T |
I I T [ =) [ [ 1 | T
Bl | |_ I | ! 0 0 |
o5 i B =T s Ll
R (not input) | f
STATIC CONDITIONS
[SCANT T Ground 1dle FIight Idle HIGE AGE
IDIST. T Harg | Soft Ha SOT L Hard SOT L Hard SOT ¢
\200 | ‘ 76.1
I ] I [ I
laoo | | | | | | | 69.5 | | |
] | I I I I I I
630 | | | | | | 65.0 | |
I ] ] I I T I
|1,000 | | | | | | | | 60.3
T I | I
2,000 52.8
4,000 44.9
| 6,300 | 39,7
I T I T I T I I |
10, 000} | | | | | | 24.2 I |
I I I I I | I I ] R I
| | | | | | | | | O | |

A-12



TABLE A-3h.

HNM DATABASE 1

UNRUH

SOURCE: TSC-48-FA-653-LR19

24 LY B5

CEVED
| FLYOVER @

NAME: AUGUSTA A109

#10

g
RIght T

KTS

I
|

I Center[ RIght T T Left | Center]

Integrat

| &° APFROACH @ &0 KTS

[ Left

[
l

| Center| Right |

TAKEOQFF @ 60 KTS

I [
53.26 | 53.98 |
[

| (500 ft. data)l|
RPM = 385

|

|

DIA = 36.09 FT,

| 64.6

|

| 50.3

|10,000| 68.2
|Coefficients: Wheels,

|630
| BO
| B1

|

T

| 249.37| 318.98| 746.9 |
| 1.00 | 1.00 | .93

|

!
||
|
t

|
|
|
[ Soft |

R® (not irput)

|

HOGE
| Hard

HIGE |
[ Seft |

Hard

2]

Fiight ldle |

| Hard

SefE= |

Ground Idle

|DIST. T Hard

| STATIC CONDITIONS

[SCANT T

4-13

|630
IDIR



| Left | Center| Right | | Left | Center| Right
| | | | | | |

3 DEC. 86

HNM DATABASE 1

2

| LEVEL
| FLYOVER & 127.8 KTS
|

[ Soft

I
|

|6° APFROACH @ 64.64 KTS|

HIGE

I

| Hard

SOURCE: TSC=-48-FA-753<LR3

l

DIA = 34,44 FT,

TABLE A-31.
| Soft

rlight ldle

|
I
|
I

7

t
| Hard

|

h

i1

Ri
55.7

|Coefficients: No Wheels,

l

AEROSPATIALE GAZELLE SA341G

| Center|

| 54.4

Ground Idle

TAKEOFF 8 &63.58 KTS
|DIST. T Hard

RZ (not input)

| Left

NAME :
|

I
|

SLANT ]

B2

|10,000] 58.0
| STATIC CONDITIONS

#11
‘DIST.

|(ft)

630

|2,000 | 77.1
TSLANT |

I

|200

—_ —

f— — e —

| 400
1620

11,000 |

T

-

|2,000 |

A-14

10,000




TARLE A-34,

HNM DATABASE 1

4 DEC. Bs&

SOURCE: TSC-4B-FA-753-LR6

#13

T

NAME: SIKORSKY 5-65 (CH53)

|6° APFROACH @ 75.58 KTS|

|

T

LEVEL FLYOVER @ 146 KTS|

J

|

|
I
|
I

TAKEQFF @ 73.9 KTS

| Center| Right |

| 93.4

| Left

| SLANT T
|DIST.
[(ft)

| 400

56.4

893.5

| 91.3

DIA = 72.25 FT,

| 76.5

| 74.8

R (not imput)

|10,000] 73.5
|Coefficients: Wheels,

6,300 | 78.4

|

4,000 | 82.3

|

[ Soft

H1GE

| Hard

1 |
|

| Soft

|"Har

| Flight Idle

| Soft

Ground Idle

| STATIC COMDITIONS

|

IDIST. T Hard

ISLANT |

|

16,300 |

1200
| 400

|630

A-15



HNM DATABASE 1

TABLE A-3k.
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#15 NAME: SIKORSKY S-76 SPIRIT

TARLE A-31.

UNRUH

HNM DATABASE 1
TSC-48<FA-753-LR1 = 14 NOV. B85
SOURCE : TSE-&E*'&—GSE—LEZJ = 4 SEPT, 86

| | B | i)
| | TAKEOFF @ 74 KTS (ICAD)| | &° APFROACH @ ?a KTS I |LEVEL FLYOVER @ 130 KT5|
I J.STT E ][ Ce : Rig ‘Ir 5 ; 1 I I } rr I ;
D Left nter ht Left Center Left Center| Right
I(ft) | Simplified K = IEFEL*' |
| I I I o I | T | | T
1200 | 94.0 | %0.0 | 92.6 | | 92.0 | 95.¢ | 9 | | 94.1 | 91.3 | s2.9 |
| I I I G I I Ji=i] [ I I
400 | 90.6 | 86.3 | 89.3 | | 88.6 | 92.4 | 93.0 | | 0.6 | 87.6 | 89.4 |
I I I ] A I I ] ] I =5
1630 | 88.1 | 836 | 8.9 | | 862 |90.2 | 9.7 | | 8.1 | 84.8 | 8s5.9 |
I I I | T I [ | I I [
[1,000 | 85.4 | 80.5 | 84.4 | |83.7 |87.9 | 8.3 | | 854 | 81.8 | 84.2 |
| | [ | I I I =1 [ I T
|2,000 | 80.8 | 75.2 | 80.1 | | 79.4 | 84.1 | 84,3 | | 80.6 | 76.4 | 79.5 |
I | | | =T I [ =i ] [ |
|4,000 | 75.1 | 68.6 | 74.7 | | 74.4 | 79.8 | 79.6 | | 74.7 | 69.8 | 73.8 |
[ | I I = | I Tiee:) [ I I
16,300 | 70.6 | & | 70.4 | | 70.6 | 76.4 | 75.9 | | 70.1 | 64.7 | €9.3 |
] I | I fa= | | T | [ I
|10,000] &65.1 | 5 | 65.1 | 166.2 | 72,4 | 71.3 | | 64.8 | 58.9 | 64.2 |
{ =]
ICoefficients: Wheels, DIA = 44.00 FT, RPM = 293 |
! T I 1 ] I = I I I
| BO | | | ). | | | | =03 | =01 | .18 |
[ | [ | = I I T [ | T
Bt | | | ) | | | | 84.33 | 73.8 | 80.73 |
I T [ I ok I I == | | I
| B2 | | | | | | | | | 945.34|1346.11| 803.32|
I RZ (not irput) || | | | 11.00 |1.00 [ .99 |
r
| STATIC CONDITIONS |
[SCANT | Ground Idle | | Fiéght Idle | | HIGE e HOGE §
IDIST. T Hard | Soft | | Ha [ Soft | |'Hard | Soft | [Hard [ Soft |
| I | | | I I | | | ] | T
200 | | | | | | | | 82.3 | | | |
| [ | I | [ I I | === I I
400 | | | | | | | } 759 0 | |
I T I T I I I T I == I T
630 | | | | | | | F 71.5 | | |
| | | | | I | | | | | | |
1,000 | | | | | | |  s7:80 | | | |
| | | 5 | i | | Ii | | | |
|2,000 | | | | | | | | s9.8 | | | |
| | | | | | | i [§ | | | |
4,000 | | | | | | | iazeE . | | |
I T I T | | [ [ [ == | | |
16,300 | | I | | | | | 47.1 | | | |
I | | [ I I [ I == 1 |
10,000| | | | | | | | 41.6 | | | |
| | | | I | | | | | | | 3§
IDIR | | | | | | | Yes | Yes | | | |

A=17



TABLE A-3m.

14 NOV. 86

HNM DATABASE 1

LNRUH
TSC-48-FA-753-LR1

NAME : AEROSPATIALE DAUPHIN SA365N  SOURCE:

16
{

27 JANE 86

TSC-48-F A-653-LR14

=T

6% APFRUACH @

75 KT5 (ICAD)

TAKEDFF @ 74 KTS

I
|

ILEVEL FLYOVER @ 120 KTS|

| SLANT
|DIST.
1(ft)

|
{ Left

|

T

T

| 200

I
| 92.0 |No Datal | 87.8 | 84.8 | B&.6

94,6

|

88.7

&30

i I 2 |
| 81.3 | 78.5 | 8BO.1

I I
[No Datal

| 87.1

T

T

|

T

|

|

| 56.1 | 58.5

| 59.4

INo Datal

| €8.9

| 61.3

&

| 65.8

| 577

RPM = 365

|10,000] 62.5

I

|Coefficients: Wheels,

I
| 350,61 591.75] 321.28]

I B

i
|

DIA = 35.10 FT,

.98

.83

R (not imput)

| B1
| B2

[
| | Hard

HiGE
| Soft

| Hard

I
| Soft

riight ldle

| Hard

Ground Idle T
[ Soft

. | Hard

| STATIC CONDITIONS

TSCANT |
|DIST

[ Soft |
| 89.0

400

|630

|IDIR

A=-18



14 NOV. Bsg

HNM DATABASE 1

TSC-48-FA-753-LR1

UNRUH

TARLE A-3n.

SOURCE :
6% APFRUALCH

NAME: AEROSPATIALE TWIN STAR SA355F

#17

22 JLY 86
—r

ILEVEL FLYOVER @ 116 KT

|
|

TSC-48-FA-£53-LR18

@ 53 KTS (ICAD)

I

| TAKEOFF @ 63 KTS (ICAD)|

I

5|
nt—lf
|

[ Left | Center] Rig

edure

| Left [ Center] Rignht |
Froc

| Center[ Right |

| | (500 ft. date)
| 79.9 | 79.1 | 80.8

| 83.3

86.5
| 82,4

lUsIhg Integrated
i 5215

|
| 80.1

| 85.6
| 80.3
| 75.6
| 70,1

|1,000 | 83.8
12,000 | 75.0

74,2

4,000 | 73.4

T

|
J

I
|

: No Wheels,

I

I

| 61.6

| 60.7

3.1

64.2

| 65.1

| 64.1

| 68.7

| 60.9

110,000 &5.6
|Coefficients

RPM = 394

DIA

35.07 FT,

| Bl

=
LAt
LA s o)
ol o
-
uy
5| o
e
il
o
Wy
M~ on
| =
|z
e |
e e |
Q
cC
p—
[N |
o
o4
(0]

HUGE

HIGE

Flight Idle |

Ground Idle

ar

| STATIC CONDITIONS

l2Seft T

| Hard

of t

Soft

I

| 86.5

=

| Ha

ISLANT |

|IDIST.

|630
|4,000
IDIR

A-19




TABLE A-3o.

HNM DATABASE 1
14 NOV, 8s

TSC-48-FA-753-_R1

LRRLUH
NAME: AEROSPATIALE ASTAR SA350D SOURCE: TSC-48-FA-653-_R21

#18

I

13 AUG, 85

I

6% AFPRUALH

|

e
e
G| £
ﬁ i
H_ o
o 3
BBl €
a| &
TIII
o
d|l &
a
gl 3
E
mn
~ &
DIII
S =
per s
|
P =
e
o
| == e —
oy
0
44
[ ] e
w
|
3l e
3| o
=l -~
-
] T
o 1]
.
of §
.nll...lllll.
o
=] T
G
9 ©
.|
ez ULEE

t
|

| |
| 885 | 8751 | 89,7

$0.9

92.5 !E?.Z |.92.5 1 192.1 ‘F#.E

SLANT
|D1ST.
| (ft)

200

82.0

| 65.2

63.3

| 70.0

| 68.7

|10,000] 62.5

T

RPM = 386

DIA = 35.11 FT,

|Coefficients: No Wheels,

| B1

|
| 350.61| 591.75| 321.28|

|

| B2

.98

' .83

.57

R? (not irput)

HIGE

rlight ldle

a

Lround Ldle

| STATIC CONDITIONS

ISLANT |

[ Soft

[ Soft

| Hard

| Hard

o

| Soft

IDIST. | Hard

400

|630

peer e e ——— e B c— pema R
wl O] n o~

al 9| o 8| D)

A 9 9 8l

wn

W

-

o e P e e e e e e

=

8| 8 & o}
- o ~ O

L | = | “J —Al O

—_— e e e e — ——

A=20



TABLE A-ip.

HNM DATABASE 1

14 NOV, 85

27 JUNE 85

UNRLH

TSC-48-FA-753-LR1

SOURCE: TSC-48-FA-653-LRRH
8% APPROACH

NAME: BELL 222

~T

l

|

| TAKEOFF @ 65 KTS (ICAD) |

SLANT |

| [LEVEL FLYOVER @ 123 KTS|

@ 65 KTS (ICAD)

T

| Center| Right |

Right

| Center|
Integrated

| Left
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|
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| 70.3
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|
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T
|
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DIA
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TARLE A-3q.

HNM DATABASE 1

ROBINSON R22HP SOURCE: UNRIH
| TAKEDFF @ KTS ! 1OWMCHH
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Coefficlents:
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—
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| |
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| Hard

1
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TABLE A-13r,

HNM DATABASE 1

KTS

[ | LEVEL
| FLYOVER @

KTS|

UNRUH
| ° APPROACH @

SOURCE :

J

J
|
|

KTS
Center| Right |
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TAKEOFF @

|

|
I
|
I
|
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|
I
|

I
I
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DIA = 36,09 FT,
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|Coefficients
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| I I
|
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Appendix B

Lateral Effects Coefficients






Table 5.1 Heliport Noise Model
Lateral Attenuation Coefficients for adB

4dB = B(s - 45°)

AdB = D + E(s - 45°)

15° = g < 45° O < §-< 15°
Ax B 0 E
Helicopter Type [dB] [dB/Deg] [dB] [dB/Deq]
Aerospatiale AS350D -2.68 0.0422 -£3.33 -0.404
Aerospatiale AS355D -0.68 -0.0154 -8.412 -0.329
Aerospatiale AS365N -2.02 0.00165 -12.08 -0.401
Agusta A-109 2.86 -0.0476 -2.32 -0.125
Bell 206L -1.48 0.0425 -11.01 -0.324
Bell 222 -0.968 0.0063 -14.24 -0.468**
Boeing Vertol 234/CH47D 2.26 -0.0754 -3.53 -0.193
Hughes 500D/E -6.69 0.0784 -21.44 -0.636
MEB BK117A-1 -0.16 0.0009 -8.37 -0.278
Robinson R22 0.12 -0.0160 -7.80 -0.276
Sikorsky 5-76 -3.01 0.0217 -10.46 -0.327**
Sikorsky UH-60A -2.63 0.0061 -13.29 -0.437
Generics -1.53 0.0086 -11.08 -0.361

*For reference only; used in computation of E.

**nu taken from Table 4.3; otherwise, nn = 4,02.

tAverage of all data, excluding the BV234/CH47D Twin
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ORDYS DSPLAY = "Wordl2aOE

s

Get coordinates for block of cbservers. Observer elevations = 0.

Read airport data (Altitude, Temperature, # Flights) from the flight
file,

Get speed of sound at the airport. C = 49.02x(T)%%, where T is the
airport temperature from part 2.

For each flight:

Get flight operaticnal data, 1including category, traffic type, #
operations, rotor diameter, user RPM, & reference REM.

Get equivalent daytime operations for LDN metric.

Read static & moving noise curve data & coefficients, and the
corresponding speed value for each noise category. The reference speed
is the speed used for the noise curve for the level flight thrust mode
(LFLO or LFLY), center directivity. Note that static noise data is in
the form of maximum noise data.

Get logarithms of distances used in the noise curves.
For each segment:

Get segment geometry, including start position, length, unit vector,
speed/duration, change in speed/duration, & thrust mode. There is no
changs in thrust mode. The thrust mode refers to a type of static or
moving operation & a set of corresponding noise values.

For esach observer:
Get noise fraction for either a static or moving segment.

a. For a static segment the noise fraction is equal to 1. Get the
emission angle 6, the angle between the flight segment and a
gegment drawn from the observer to the start of the flight segment,
and using operations in the horizontal plane. The emission angle
is zero if the helicopter is over the observer.

b. For a moving segment, get the noise fraction using a 3rd order 90-

degree dipole function for an observer along a segment, and a 3rd
order monopole function for an observer ahead of or behind a
segment. Compute the emission angle in 3-d space.
(The noise fraction in HNM 2.2 is like that in INM 4.11, while the
noise fraction in HNM 1 is like that in INM 3.10, except that there
is no special HNM algorithm for noise behind a helicopter during
takeoff.)

Get the side of the flight as a function of the emission angle.

HAWND = 1: the right gide, for B8 s 180%,
HAND = 2: the left side, for 8 = 180°.



 fp B

12.
13,

14,

L5

Get parameters used for calculation at the CPA of the flight segment,
and at the end of the segment.

ALT = Altitude at the CPA of the segment.

VEL = Speed/duration at the CPA of the segment.

ALTEND = Rltitude at the end of the segment.

HALT = The higher of ALT and ALTEND.

THR = Thrust mode, i.e. type of flight, for the entire segment.

ALT = SEGSTE (3] + DASxUNITI(3).

ATLTEND = SEGSTR(3) + LENGTHxUNIT(3).

HALT = MAX (ALT, ALTEND) .

THR. = THRSTR.

a. For a static segment the duration DUR is the speed value at the
start of the segment, VELSTR. The wvariable VEL = 0.

b. For a moving segment which is a moving HIGE, (thrust mode 6), the
speed VEL at the CPA of the segment has the gsame value as VELSTR,
the value of the speed at the start of the segment.

(=8 For a moving segment which is not a moving HIGE, the speed VEL at

the CPA of the segment is giwven by
VEL = VELSTE + (DAS/LENGTH)xVELDEL,

i.e., the speed at the CPA of the segment is found by linear
interpolation of distance along the segment.

Get the sideline distance to the observer.

Get the log of the slant range distance.

Set the duration DUR to zerc for an interpolated static segment with a
length > 0.1 ft.

Gaet

the single event noise level and the fractional mnoise level

depending on the thrust mode, i.e., the type of flight, for the segment.

g .

For a taxi or moving hover in ground effect (HIGE, thrust mode #
6}, use the static noise walues in the noise table for the
helicopter, and use column 3 (static hover in ground effect, HIGE)
with wheels, column 2 (flight idle, FIDL) without wheels. Get SENL
by interpolation of distances (i.e2., logs of distances), in the
noise table. If the helicopter has no wheels indicating the use of
column 2, and at the same time there is no FIDL noise data in
column 2, then use static HIGE noise data from column 3, but

reduced by 5 dB. (Note that the distance interpolation does not
appear to be working in this case, for distances = 200 ft.,

according to the HNM source program.) For a distance < 200 ft.,
limit change in SEL to 20 DB/decade. BAgain, for no wheels and no
FIDL noise data, use static HIGE data from column 3, reduced by 5
dB, and there is no distance interpolation to worry about for
distances < 200 ft., only the offset wvalue.




For the moving HIGE there are no lateral adjustment factors. Apply
thE‘CDrrECtan Lo convert an interpolated maximum noise level to
@ single event level using the equation

SENL = SENL + 10xlegl(m/2)x(r0/v)

where r0 is the slant range in feet, and V is the velocity at ths
CPA in ft./sec.

The weighted fractional noise level WFNL is given by
WENL = WHTOPSxNOISFRx1(Q !S=Nu/1e]

where WHTOPS is the equivalent daytime operations for the flight,
and NOISFR 1is the noise fraction for the observer d segment.

For a moving segment, (thrust mode indicator 7 or greater), the SEL
nolse tables for the helicopter are usad.
For the thrust modes:

Takeoff at constant velocity == TE
Accelerating horizontal takeoff -- ACLH
Accelerating Climbing takeoff -~ ACLC

use the center takeoff noise curve, TOFF-C.

For the thrust modes:

Descent at constant velocity -- APPR
Decelerating descent -= DCLD
Horizontal Deceleration -- DCLH

use the center approach noise curve, APPR-C.

For the thrust mode:
Level flyover (cruise) -- LFLO
use the center level flyover noise curve, LFLY-C.

The neoise level is obtained first by distance interpolation in the
appropriate noise table. The change in SEL is limited to 10 dB per
decade for a distance of < 200 ft.

Note that according to the HNM source code, if the noise data foxz

the takeoff thrust mode center directivity (TO-C, column 2 for
moving thrust modes), are to be used, and no noise data are

present, then the noise data for the takeoff thrust mode right

directivity (TCO-R, column 3 for moving thrust modes) are used, and

the noise values are reduced by 5§ dB. In addition, if in this case
the log of the distance iz 200 or more, then there is ng distance
interpolation being done. If the chserver-secment distance ig
different from any of the noise table distances, then the noigse for
the noise table distance walue that is less than the actual
distance iz ugsed. If, however, the observer-segment distance ig
egual to one of the noise table distances, then the noise in the
noise table for this distance ig used, . (These procedures should
not be occurring, and they preobably will not occur anyway becausea

helicopters with no neoise are prevented from being used by the
HNMRUN front-end program) .




Next the angle BETA = ALT/DCP is computed, where ALT is the
altitude at the CPA of the segment, and DCP is the distance from
the observer to the closest peint on the flight segment, which is:

(1) LRVEC, the distance from the observer to the start of a Elight
segment for an observer behind a segment.

(2} SLR, the perpendicular slant range distance from the observer
to the CPA of the flight segment, for an observer astride a
segment.

(3) LSVEC, the distance from the observer to the end of a flight
segment for an observer ahead of a segment.

The maximum value of BETA is =set to 909,

If the angle BETA 15 < 45°, then a lateral adjustment factor, which
is a function of BETA, and of noise table coefficients if awvailable
from the appropriate table, is computed. If the angle BETA is >
45° then no lateral adjustment factor.

Following this a noise value is computed via distance interpolation
from either the right or left noise table, depending on the
emission angle, which has the same thrust mode as the center noise
table already used for the flight segment. Then if the angle BETA
is < 45°, the final uncorrected noise is the interpolated noise
from the zright or left noise table, reduced by the lateral
adjustment factor. However, if the angle BETA is = 45°, then the
final wuncorrected noise is a function of BETA and of the
interpolated noise valuss from both the center noise table and
either the right or left noise table used for the thrust mode for
the segment, with no reduction due to a lateral adjustment factor,
since there is no lateral adjustment factor for BETZ = 45°7.

An additional correction is made to the SENL from the noise table
in the case that the thrust mode is Level flyover, LFLO. & blade
tip Mach number correction is applied based on the speed at the CPA
of the flight segment and on the helicopter reference speed, which
is the speed for the center noise table for the Level flyover
thrust mode. First, a correction is obtained from the center
coefficient table for the level flyover thrust mode, and then from
either the right or left coefficient table for the level flyover
thrust mode, depending on the emission angle. If the angle BETA
defined above is < 45°, then the final correction is taken from
either the left or right coefficient table for the level flyover
thrust, depending on the emission angle. However, if the angle
BETA is = 45°, then the final correction is a function of the angle
BETA and initial corrections obtained f£rom both the center
coefficient table and either the right or left coefficient table,
depending on emission angle, for the level flyover thrust mode.

If the segment thrust mode is LFLO for level flyover, then the
blade tip Mach number correction is added to the single svent level




obtained from the noise tables. Otherwise, the single event level
from thg noise table remains as is for the moving segment, with no
blade tip Mach number correction.

As in the case for the moving HIGE thrust mode described in parc
a., the weighted fractional noise lewvel for a moving segment is
given by the expression

WENL = WHTOPSxNOISFRx1(0 'S8¥eu/19)

where WHTOPS is the equivalent daytime operations for the flight,
and NOISFR is the noise fraction for the observer and segment.

For a static segment, i.e., with a thrust mode indicater of 5 or
less, noise tables for static thrust modes for a helicopter are
used. If the thrust mode is wvertical ascent (VASC), then either
the static HIGE noise table or the HOGE noise table is used
depending on the rotor diameter. Initially the HIGE noise table is
chosen, but if the altitude at either the CPA of the segment or at
the end of the segment is 1.5 x the rotor diameter, then the HOGE
noise table is used.

For whatever static thrust mode is used, get the interpolated
single event noise level from the appropriate noise table using
distance interpolation, and limit the change in noise to 20 dB pex
decade if the distance is < 200 ft. There is no lateral adjustment
for the static thrust modes.

If the ground idle (GIDL, static thrust mode #1) is chosen in a
profile for a given aircraft, and if there is no noise data for the
GIDL thrust mode, then use the noise data for the static hover in
ground effect (HIGE, static thrust mode #3) noise curve for the
given helicopter, but reduced by 15 dB. If the flight idle (FIDL,
static thrust mode #2) is chosen in a profile for a given aircraft,
and if there i1s no noise data for the FIDL thrust mode, then use
the noise data for the static HIGE noise curve for the given
helicopter, but reduced by 5 dB. If the hover out of ground effect
(HOGE, static mode #4) is chosen in a profile for a given aircraft,
and if there is no noise data for the HOGE thrust mode, then use
the noise data for the static HIGE noise curve for the given
helicopter.

{Note that in the cases of using HIGE data for non-existent FIDL ox
HOGE data, the distance interpolation does not appear to be working

for distances = 200 zaccording to the HNM source program, but the
noise for the noice tabhle distance wvalue that is less than the
actual distance is used. For distances < 200 there is no distance
interpolation to worry z2bout, only an offset wvalue.)

Next a directivity correction is applied based on the emission
angle of the helicopter & database coefficients for the
appropriate thrust mode. The directivity correction is then added
to the interpolated noise level cbtained from the noise table.
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There 1is the possibility of obtaining a ground attenuation
correction to the noise level, but there are no ground attenuation
algorithms in the HNM program, and so ground attenuation is not
computed.

Finally, the weighted fracticnal noise level is given by the
expression

WFNL = WHTOPSxDURxNQOISFRx1(Q s/l

where DUR is the duration time of the static segment, equal to the
speed value for the segment, and where the variables WHTOPS and
NOISFR have been defined abowve in parts a., and b. Since the noise
fraction NOISFR is equal to 1 for a static segment, then the
expression becomes

WFNL = WHTOPS=xDUERE=10 (5BML, 10}

Convert the wvalue WFNL to decibels by subtracting 49.4, the base 10
logarithm of B6,400 seconds per day, from the result in part 15.

For irreqular grid significance testing, the regular grid diagonal for
track significance testing is equal to one-third of the diagonal length
of the regular grid window, with a minimum length of 1800 ft.

The formula for average noise for noise significance testing is:

Average noise = 2x(1Q-Iseleranes/i0i_7) xtotal noise/number of flights
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10.

JINM

Get Flight file airport data, including terrain data if
available,

Get block of observer coordinates, observer altitudes = v
&dify observer altitudes if terrain data given.

For each flight:

Read flight operaticnal data, including number of operations.
Compute equivalent daytime operations.

Read EPNL and SEL noise data for the flight.

Get logs of noise distances.

For each segment:

Rea@ geometry for flight segment from flight file, including
positicn of start of segment, segment length, unit wvector,
speed, change in speed; thrust, & change in thrust.

Set segment altitude to MSL if terrain data is used, otherwise
leave at AFE.

For each observer:

Get noise fraction for observer & segment, as well as slant
range distance. An exact 4th order 90 degree dipole formula
iz used for all positions of observer relative to flight
segment, with the exception of the cbserver behind a segment
during takeoff roll. For this case the noise fraction is
computed in the following steps:

a. A preliminary noise fraction is computed using a third
order monopole algorithm as a function of the segment
length and the distance from the observer to the end of
the segment.

b, A directivity multiplier is then computed using an
algorithm provided in SAE AIR 1845, and the result is
then modified using a smoothing function if the distance
from the cbserver to the start of the segment is = 2500
Tk

(o 28 The directivity multiplier, which is in units of
decibels, is converted to units of energy.

d. A final noise fraction is computed by multiplying the
preliminary noise fraction obtained in part a. by the
directivity multiplier obtained in part c.

Get elevation angle if terrain processing is used.




12.

13.

15,

Lby

B B

18

195

Get aircraft physical parameters (altitude, speed, & thrust)
at either one of the end points of the segment or at the CPA
of the segment, depending on the relative position of cbserver
and segment. Also get sideline distance to the observer.

Get the speed correction. In addition, get the elevation
angle if terrain processing is not used, and using the angle
get the lateral attenuation correction. 2Add these together to
get the total noise correction.

Get the uncorrected single event noise level from the noise
table for the aircraft, by using linear intexpolation of
thrust from part 12. and logarithmic interpolation of slant
range distance from part 10.

Get the corrected single event neoise level SENL by adding the
noise correction from part 13 to the unceorrected interpolated
noise level from part 14.

Get the weighted fractional noise energy level WFNL using the
following expression:

WENL = WHTOPSxNOISFRx1('S=vL/e

where WHTOPS are the eguivalent daytime operations for the
flight from part 5, NOISFR is the noise fracticn from part 10,
and SENL is the corrected single event noise level from part
15,

Convert the value WFNL to decibels by subtracting 49.37, the
base 10 logarithm of 86,400 seconds per day, from the result
in.part 16.

For irregular grid significance testing, the regular grid
diagonal for track significance testing is egual to the
diagonal length of a regular grid rectangle.

The formula for average noise for noise significance testing
iz

Average noise = (1-10°/®terenee/10l) yrotal noise/number of flights




